Michigan. At the time of this study, she also was a therapist at Fort Wayne Sute Developmental Center S ensory integrative techniques as formulated by Ayres (1972 Ayres ( , 1979 have prOVided occupational therapy with prinCiples for use with a variety of neurobehavioral disorders. The lack of verified systematic treatment techniques for the mentally retarded adult has compelled occupational therapists who worked within the practice area of adult developmental disabilities to modify techniques used with other disabilities. This study of the effectiveness of sensorimotor integrative treatment with mentally retarded, institutionalized adults is based on Ayres' prinCiples and a modification of techniques used with mentally retarded children (Montgomery & Richter. 1977a , 1977b .
The literature offers a variety of definitions of sensorimotor integrative treatment (e.g., Morrison & Pothier, 1972; Neman, Roose, McCann, Menolascino, & Heal, 1974; Steckol & Leonard, 1981) . For this study, the definition by Montgomery and Richter 0977a) was used:
Sensorimotor illlegration refers to the neurological sequence of sensory ll1put, followed by the Integration and sorting OUt process which occurs at various levels of the nervous system, a mOlor response, and subsequent sensory input which pro· vides feedback and is again integrated by the nervous system. (p. 799) Sensory integration, a component of sensorimotor integration, is the ability to organize sensOlY input for use (Ayres, 1972) . Clinicians and researchers have modified sensory integrative therapy procedures, originally intended for use with learning-disabled children, so that they could be used with mentally retarded clients. This modification is based on the assumption that mentally retarded persons have the most severe variety of learning disabilities (Clark & Shuer, 1978) Several studies have supported the effectiveness of sensory integrative and sensorimotor integrative techniques with mentally retarded children (Carlson, 1975; Jenkins, Fewell, & Harris, 1983; Maloney, Ball, & Edgar, 1970; Norron, 1975) Activities facilitating improvement in postural responses seem to be more effective in improving sensorimotor development than is practice of specific motor skills. Sensorimotor treatment was found to improve the body image and laterality development of retarded male adolescents (Maloney et al, 1970) . Most of the sensorimotor research has involved children, so there is a need for further investigation to determine the usefulness of sensory integrative and sensorimotor integrative techniques for mentally retarded adults.
The Theoretical Base
Understanding the basic premises of sensory integrative theory and treatment is essential for developing applications of sensorimotor integrative treatment for mentally retarded adults. The overview presented here is based on the description of Clark and Shuer (1978) . Sensory integrative treatment techniques were designed according to principles of neurobiology and research findings on human growth and development. The central nervous system (CNS) tends to work as a whole, and integration of all parts is essential for maximum efficiency. Certain types of sensory input, such as vestibular input, affect the entire brain as well as other sensory systems.
As the brain develops, new neurological structures are provided for more complex functions, yet functioning is still dependent on primary structures. The systems of vision and audition have partially developed from the tactile, vestibular, and proprioceptive systems. Sensory integrative therapy is based on the premise that if disorders of developmentally older sensory systems are present, higher cognitive functions, such as language and reading, may improve when better integration of the somatosensory systems occurs.
The nervous system changes throughout an individual's life span as a result of interaction between the environment and the individual. This fact implies that an effective therapeutic environment can change the functioning of a given nervous system. Therapy must elicit appropriate adaptive responses as well as proVide adequate sensory input. The adaptive responses elicited will encourage better sensory integration.
The hypothesis of this study was that sensorimotor integrative treatment would improve the sensorimotor development of retarded, institutionalized adults significantly more than regular institutional programming.
Methods

Subjects
Subjects were selected from a state facility for the mentally retarded located in the Midwest. The sample consisted of 40 subjects assigned to a living area close to the occupational therapy department. The subjects had received no previous occupational therapy and had no severe physical limitations that were due to structural defects. Twenty-eight of the subjects were randomly assigned to the experimental group and 12 subjects to the control group. Size of the control group was limited because of an institutional policy of providing treatment to as many clients as possible. FollOWing institutional changes, 6 subjects were dropped from the study, leaVing 25 subjects in the experimental group and 9 in the control group. Demographic data on the subjects are proVided in Table 1 .
Instrument
Subjects' sensorimotor functioning was measured using the Sensorimotor Performance Analysis (SPA) (Richter & Montgomery, in press ). This instrument was selected because it proVides a qualitative measure of sensorimotor performance and was adaptable to the population being studied.
The SPA tests the quality of sensorimotor performance on seven tasks: rolling, belly crawling, hitting a swinging target while quadruped, kneeling, and performing three fine motor tasks while seated. The evaluation is based on the identification of 16 sensorimotor components of asymmetrical tonic neck, symmetrical tonic neck, antigravity extension, antigravity flexion, body righting/trunk fleXibility, head righting, eqUilibrium/protective reactions, vestibular function, tactile processing, visual processing, bilateral integration, motor planning, muscle tone and strength, stability/mobility, general neurological status, and developmental level. For this study, scoring was done on a 3-point scale with 5 as normal, 3 as fair, and 1 as poor. The maximum score possible was 1,280 points. Test -retest reliability coeffiCients, available from a pilot study on trainable mentally retarded children (Richter & Montgomery, in press), ranged from .89 to .97 for 10 subjects. Interrater reliability coefficients for each of the sensorimotor components ranged from .15 to .91. When asymmetrical tonic neck, symmetrical tonic neck, and tactile processing were excluded, the average interrater reliability was .76 for the scale. Construct validity was considered high, given the nature of the test. Concurrent validity had not yet been established by the authors.
To eliminate tester bias, two occupational therapists involved with proViding treatment at the facility administered the SPA after practicing on residents not in the study. To maximize interrater agreement, rating criteria were discussed in detail. During administration of the instrument, the therapists simultaneously observed the subject and rated the performance independently. The therapists alternated giving test instructions to the subject. When a subject refused to complete a task, he or she was given a 0 for the subsection.
During the 12-month study, the SPA was given at 4-month intervals, which included pre-and posttests. Using the Kolmogorov-Smirnov two-sample test (Conover, 1980; Daniel, 1978) , the scoring differences between the therapists were calculated for each test administration. The Kolmogorov-Smirnov statistical procedure is a sensitive measure of differences in distribution. A finding of no Significant differences between the raters suggests high interrater reliability.
Sensorimotor Integrative Treatment
The sensorimotor integrative treatment used in this study consisted of activities providing tactile, vestibular, auditory, proprioceptive, visual, gustatOry, and olfactory stimulation. Each 45-minute treatment session was divided into four areas: CNS normalization, sensory stimulation, reflex inhibition and gross motor activities, and visual motor activities (see Table 2 ). CNS normalization included excitation and inhibition.
CNS excitation activities included fast rolling, fast rocking, saucer twirling, scooter board spinning, and olfactory stimulation. CNS inhibition activities consisted of neutral warmth with and without soothing music, slow rocking, and flotation with the use of the air mattress. Sensory stimulation activities included the use of flavor extracts, various scents, selected edibles with tastes ranging from bitter to sweet, and music, as well as active movement involving textured materials, rolling, crawling, and kneeling. These activities were often combined to achieve maximum benefit from the stimulation Reflex inhibition and gross motor activities involved creeping, belly crawling, kneeling, rolling, standing, and pivot prone positions. EqUipment included scooter boards, ropes, Table 2 balls, incline mats, inflatables, parachutes, barrels, and tires. The visual motor area focused on eye-hand coordination, joint stability, and visual motor activities using balloons, balls of various sizes, beanbags, a plastic bowling set, tossing games, towels, playdough, paper airplanes, and flashlights.
Procedure
All subjects were involved in regular institutional programming, which consisted of socialization training; recreation including gym, bowling, and swimming; music therapy; and special events Both groups had 6 hours of programming daily, 5 days a week. The difference between the experimental and control groups was that subjects in the experimental group were also assigned to one of three afternoon treatment sessions based on their existing program schedules. One occupational therapist and a staff member from the subjects' living area proVided this treatment five times weekly for 12 months.
Results
Data were analyzed using a two-step technique of analysis of covariance to determine the effects of the variables and significance of treatment. The full model compared the dependent variable with the covariates. The measures of the dependent variable were the posttest score and the difference between pre-and posttest scores. The covariates used were sex, years of institutionalization (YI), pretest score, race, age, two indicator variables for diagnosis (Dx1, Dx2), and treatment group (Tx group) The covariates in the reduced model were pretest score (the only significant variable from the full model) and treatment group. The reduced model tested the effects of treatment group participation. The .05 level was considered significant. The results indicated that in either model the only factor important in the posHest score was the pretest score (see Table 3 ). An unpaired Student t test comparing the differences between the pre-and pOSHest scores for each group yielded no significant difference between groups. Descriptive statistical information is presented in Table 4 . The experimental group means shows gains in SPA scores, but the control group means shows similar gains.
Sensorimotor Integrative Treatment Model for Mentally Retarded Adults
Discussion
The analysis suggests that over the I-year period of the study, the sensorimotor integrative treatment made no significant difference in the subjects' sensorimotor development. This finding contradicts in· formal clinical observations made during individual occupational therapy sessions. Several factors may have influenced the outcome of the study. First, the design of the study, including the small size of the control group and the measure of sensorimotor development used, might have limited the· statistical power of the results. Second, the use of group treatment is a consideration. The ability to control sensory input as well as monitor adaptive responses is limited in a group setting. In future studies, the use of smaller groups may have a positive effect on treatment gains. Third, the amount and type of sensory input used in the treatment is relevant. The addition of more active and passive vestibular and proprioceptive stimulation would probably have had a positive effect on the test scores of the treatment group (Ayres, 1979; DeQuiros & Schrager, 1979) . Fourth, the effects of sensorimotor integrative treatment may be evident only after a substantial period of time. Informal observations suggest that with the retarded adult these effects may become evident up to 1 year follOWing the conclusion of treatment. Fifth, the effect of the facility's existing therapeutic modalities should be considered. The gross motor activities provided through regular institutional programming, such as bowling, swimming, and recreational spons, may have influenced the resu Its of the study.
Concl usions
In this study of the effect of sensorimotor integrative treatment on sensorimotor development of mentally retarded, institutionalized adults, no significant differences were found between the group of subjects receiving treatment and the group of subjects not receiving treatment. Further research is needed to determine if results would be different with smaller treatment groups, a larger and more homogeneous sample, and improved vestibular and proprioceptive stimulation. In addition, long·term effects of treat· ment need to be studied, as well as the effects of recreational programs and sedentary programs. Using blind testing may eliminate the need to dismiss possibly significant results because of tester bias. The results raise issues related to the evaluation of sensorimotor development. An instrument that can measure subtle changes is necessary for evaluating the slowed development of the mentally retarded adult. The use of a 5-point scale instead of a 3-point scale on the SPA would be effEctive in discriminating slight changes. An evaluation of up to 1 year after the termination of treatment might indicate changes in sensorimotor development.
Theoretical concerns include the effect of sen sorimotor development on language, cognition, and socialization. Research is needed to clarify the impor· tance of sensorimotor development for the total de velopment of mentally retarded adults.
Application to the practice of occupational ther apy is the natural outcome of efficacy research. Care ful assessment of sensorimotor performance is essen tial to providing appropriate treatment. Develop mentally delayed mentally retarded adults are often neglected by progressive treatment strategies. Sen· sorimotor integrative treatment is one of the proce dures that may be effective with this population. By being involved in designing and conducting evalua tion and treatment research in this area, practitioners can play an important role in assuring the provision of high-quality treatment
